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INTRODUCTION 
Understanding the development of parturient paresis involves under­
standing calcium homeostasis in the parturient cow. Effects of varying 
calciumrphosphorus ratios of the diet, physiological adaptations to ini­
tiation of lactation, and supplementation of feed additives have been 
explored. Although much has been learned, much remains unknown. 
The feeding of a low calcium, high phosphorus diet prepartum has 
resulted in prevention of parturient paresis. Experimental data on how 
prevention is accomplished, however, is lacking. Also, problems with 
palatability and energy deficiency have been associated with a low calcium 
ration. 
Com is a normal component of Midwest dairy rations and is a high 
energy feedstuff. Both as a roughage (silage) or as a grain, corn has a 
relatively low calcium content. Thus, its potential in formulating a low 
calcium ration is good. Such a ration -vdiich met the dairy cow's require­
ments for energy, protein and phosphorus was formulated and used for exper­
imental work. Observations on palatability were also made. 
The experiment had 2 basic objectives. 
1. Would a calcium intake below requirements prevent parturient 
paresis? 
2. If prevention occurs, by what mechanism(s) is this accomplished? 
2 
REVIEW OF LITERATURE 
Parturient paresis is a conçlex metabolic disorder affecting the 
parturient dairy cow. Mayer, Ramberg and Kronfeld reported a 5-10% 
incidence in mature, parturient dairy cows. Similar conditions have 
been reported in mares, ewes, bitches, female cats, goats and other 
72 24 
species. Incidence is breed and age related. Curtis, Cote and Mills 
reported a mean incidence of 34.57. in Jersey cows and 15.17. in Hols teins 
with a lower incidence in other breeds. Bush and Steevens^^ also confirmed 
that Jerseys have a higher mean incidence. As the dairy cow matures, 
incidence increases. Jonsson found no cases of parturient paresis 
in heifers at first parturition, with incidence increasing through the 
sixth parturition. 
The time when the disease became known corresponds with the period 
when cows were fed generously with the object of increasing milk produc­
tion.^® Fish^^ stated that probably no such disease as milk fever (par­
turient paresis) existed 2 or 3 centuries ago and that the selection and 
feeding for milk production increased the incidence of parturient paresis 
37 
over the years, Fosgate in 1969 stated that milk production had 
increased 50% in the last decade with a concomitant increase in incidence 
of parturient paresis. But high milk production is not the lone factor; 
parturient paresis has been reported in cows producing low levels of 
milk/:' 112 
Before the development of effective treatments for this disease, 
X26 
the mortality rate was 60-707.. A survey of 400 cases of parturient 
paresis during the years 1965-66, however, showed only 14% died or were 
3 
33 destroyed or sold for slaughter. 
122 
Van Vleck and Norman reported 1.2% of 3314 responses in New York 
Holstein herds listed parturient paresis as the primary reason for dis-
2 posai. The 1965 report of "Losses in Agriculture" reported an annual 
loss of approximately $10,6 million in the United States due to mortality 
and morbidity. Leech, Vessey and Macrae^^ state that parturient paresis 
is the sixth most common disease in Great Britain with a decrease of 35 
pounds in market value and a reduction of approximately 3.5 years produc­
tive life in cows vAich have had the disease. 
History of Parturient Paresis 
1793 First mention of parturient paresis in scientific 1itéra-
1897 Development of successful treatment of parturient paresis 
by udder inflation^ 
(27) 
1925 Proposal of parathyroid insufficiency theory 
1925 Data presented linking parturient paresis with hypocal-
. (71) 
cemia 
1925 Demonstration of parathyroid glands functioning in regulation 
of blood calcium^^^^ 
1930 Report of the successful treatment of 32 cases of parturient 
paresis by intravenous injection of calcium gluconate^^^^ 
1934 Synthesis of calcium borogluconate for the routine treatment 
(47) 
of parturient paresis 
1950 Paper describing numerous treatments for and theories on the 
cause of parturient paresis 
4 
1955 Prevention of parturient paresis by administration of 
vitamin orally^^^^ 
1961 First report of the existence of a hypocalcemic agent from 
(23) 
the parathyroid-thyroid complex 
1963 Discovery of an active hypocalcemic agent, thyrocalcitonin, 
in extracts of the thyroid glands 
1963 Development of a radioimmunoassay for plasma parathormone 
concentration in the cow^^^ 
Characterization of Parturient Paresis 
Normal plasma calcium concentrations of the dairy cow range approx­
imately from 8.5 to 11.4 mg per 100 ml.^ As calcium concentration falls, 
the muzzle become dry; the ears become cold; body temperature is first 
elevated, then declines; and the animal becomes hyperexcitable and.later 
86 
mentally depressed. The first signs of unsteadiness and incoordination 
are observed -when plasma calcium falls below about 7.5 mg per 100 ml. 
Staggering, muscle twitching in the rear flanks and falling into a recum­
bent position with an inability to rise occur when total calcium drops 
below 5 mg per 100 ml. Labored breathing, lateral recumbency and some 
bloating are present ;dien calcium falls below 4 mg per 100 ml of plasma. 
73 Coma and death usually follow. 
Other changes in blood concentrations are associated with the devel-
20 42, 79 
opment of hypocalcemia. Inorganic phosphorus levels fall ' from 
a normal plasma concentration ranging from 3.1 to 6.0 mg per 100 ml.^ 
Hypermagnesemia from a normal range of 1.8 to 3.2 mg per 100 ml of plasma 
occurs^' as does hyperglycemia. Sherwood et and Mayer et 
5 
al. have also reported an increase in plasma parathormone concentrations. 
Some degree of each of these changes, however, is the norm in the partur-
. ^ 60, 86, 108, 121 lent cow. ' ' » 
Treatment of Parturient Paresis 
An effective treatment preceded a basic understanding of parturient 
paresis. Dr. J. J. Schmidt^^^ in 1897 reported his microscopic examina­
tion of colostrum from cows having parturient paresis. He found evidence 
of cellular disintegration and concluded a viral infection was involved 
with parturient paresis. An examination of colostrum from all cows would 
have shown the same cellular disintegration; nevertheless his recommenda­
tion of- infusing the udder with a 17. potassium iodide solution reduced 
mortality to 15%. Anderson and Evers^^ reported that air insufflation of 
the udder further reduced mortality to 1%, but risk of mastitis was a 
serious problem. Prophylactic intramammary administration of antibiotic 
85 
preparations prior to insufflation decreased the mastitis risk. 
In 1930 Greig^^ described the successful treatment of 32 cases of 
parturient paresis by the intravenous injection of calcium gluconate. 
46 
Hayden in 1934 synthesized a calcium borogluconate solution vihich. has 
become the main treatment for parturient paresis. Response to this 
treatment can be quite rapid; however, the number of relapses (up to 30%) 
85 \ is a major disadvantage. 
Calcium Homeostasis 
Since the publication presenting experimental evidence linking hypo­
calcemia with parturient paresis,research has been directed toward 
6 
understanding the homeostatic mechanisms involved in calcium metabolism. 
Figure 1 shows the major inflows and outflows of the calcium pool. 
The calcium pool is conçosed of 2 fractions: blood and interstitial 
calcium. Total circulating calcium or blood calcium in a cow is 1.5 
25 
to 2 g. This exists primarily in 2 forms; an ionized calcium accounting 
42 25 for 3.6 to 7.7 mg per 100 ml of plasma and a protein bound form. A 
rapid equilibritnn exists between the 2 forms with the ionized calcium 
being the physiologically important form. Interstitial calcium makes up 
88 
approximately 7 to 10 g and has a rapid equilibrium with blood calcium. 
Calcium Outflows 
Endogenous or metabolic fecal calcium remains steady or increases 
45 
as the animal matures. Hansard, Comar and Plumlee reported daily endog­
enous fecal calcium in the mature cow at 18 mg per kg body weight. This 
would represent a total of 8.1 g of calcium per day in a 450 kg Jersey 
cow. Mayer et al. estimated endogenous fecal calcium in the prepartum 
125 
pregnant cow at 5.6 g calcium per day. Ward, Blosser and Adams reported 
urinary excretion of calcium ranged from 0 to 2.1 g per day with a sharp 
drop on the day of calving in 3 cows with parturient paresis. Mayer et al.^ 
reported fetal calcium drain is 5 g calcium per day, bone accretion is 
1.6 g and urinary excretion is 1.0 g. No significant differences have 
been found in any of these 4 calcium outflows among cows with parturient 
paresis and those not developing parturient paresis.^' 
Lactation represents the major excretion pathway of calcium. Milk 
contains slightly more than 1 g of calcium per liter, and excretion can 
86 
exceed 50 g per day. The initiation of lactation is the precipitating 
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factor leading to hypocalcemia and the development of parturient pare­
sis.Niedemeier, Smith and Whitehair^^ found mastectomized cows 
exhibited only a slight decline (0.4 mg per 100 ml of plasma) in calcium 
concentration for several hours postpartum. Approximately 2 mg per 100 ml 
of plasma drop in calcium occurred in intact controls through several days 
86 
postpartum. Mayer ^  al. reported observations on one cow •which began 
lactation 2 weeks prepartum. Plasma calcium fell to 5.5 mg per 100 ml 
while parturition was not accompanied by a decline in plasma calciinn. 
The importance of initiation of lactation is further elucidated with the 
development of udder insufflation as a successful treatment for parturient 
paresis. This treatment inhibits milk secretion and the calcium drain, 
85 
resulting in recovery from parturient paresis. Milk secretion is not 
at a high level the first day postpartum, but colostrum contains a high 
39 
level of calcium (0.256 per cent calcium in Holstein cows). About twice 
as much calcium is excreted per unit of colostrum; thus, colostrum can , 
still represent a significant loss of calcium. Although initiation of 
lactation changes the outflow of calcium, no differences have been found 
in loss of calcium via colostrum in normal versus cows with parturient 
. 49, 54 paresis. 
Dietary Calcium 
102 
Ramberg, Phang and Kronfeld combined calcium balance and tracer 
kinetic experiments and reported that the increased demand for calcium 
caused by the onset of lactation was met by increasing dietary absorption. 
It was 2 weeks postpartum before bone mobilization contributed significantly 
to ths calcium supply. The efficiency of calcium absorption was 447. in 
9 
22 
mature lactating cows versus 337» in 3 aged, dry cows. Although an 
increase in calcium absorption occurs during lactation, cows producing 
milk at high levels are usually in a negative calcium balance during the 
32 125 first months of lactation. Ward ^  jd. reported that cows •sdiich had 
clinical parturient paresis were in a negative calcium balance from about 
29 
17 days prepartum. But Ender and Dishington in a later publication in­
volving greater numbers, found all cows were in a positive calcium balance 
7 days prepartum. 
43 
Fasting cows prepartum has resulted in parturient paresis. Robert­
son et al.^^^ found that 5 cows fasted for a 6 day period in early lacta­
tion developed parturient paresis. But the calcium never dropped below 
7 mg per 100 ml whereas plasma magnesium dropped from approximately 3 
to 0.84 mg per 100 ml. The large drop in magnesium (approximately 4-fold) 
during fasting complicates interpretation of the "parturient paresis". 
If there is a negative calcium balance prepartum, the hypocalcemic 
condition could be a simple failure of adequate dietary calcium. Supple­
mentation with large amounts of calcium has been studied and found to 
30 78 
actually increase incidence of parturient paresis. ' 
While high calcium diets do not, very low calcium diets do reduce 
11 12 
the incidence of parturient paresis. * Parturient paresis was com­
pletely eliminated when cows were fed a 1:3.3 calcium to phosphorus ratio 
9 to 73 days prepartum. Actual calcium intake was 11 g or less in this 
diet. Adequate weight gains, subsequent lactation yields, and health of 
the calves were not affected by the diet. 
35 
Fish was one of the first to stress the importance of dietary 
calcium and phosphorus ratios in preventing parturient paresis. Subsequent 
10 
reports are conflicting. Bush and Steevens found calcium to phosphorus 
(Ca:P) ratios had no effect on plasma calcium or phosphorus levels of 
113 dairy cows. Smith, Hoick and Spafford found no significant differences 
in incidence of parturient paresis among groups of lactating dairy cows 
fed diets containg Ca:P ratios and relative levels of 1:1, 4:1, 8:1, 8:2, 
90 
and 8:8. Morrison stated the incidence of parturient paresis is greatly 
reduced if calcium and phosphorus are adequately supplied in their proper 
120 
ratio. Turner, Harding and Hartman found a lower incidence at a 
38 63 
Ca:P ratio of 1.25:1 than at 2.5:1. Gardner and Kendall et ai. reported 
a 2.3:1 ratio minimizes parturient paresis. Beitz, Burkhart and Jacobson^ 
found the addition of calcium carbonate to the diet to provide a 2,3:1 
ratio, as conçared to the basal 1.1:1 ratio did not reduce parturient 
paresis. Factors other than ratio could be involved in these conflicting 
reports. Beitz used principally Jerseys for experimental animals vAiile 
Gardner and Kendall used HoIsteins. Jerseys have a much higher incidence 
than Holsteins.^^ Also, the source of calcium was calcium carbonate in 
the Beitz report. In the Kendall and Gardner studies the main source of 
calcium was alfalfa hay. The 2 different sources of calcium could change 
the pH of the gastrointestinal tract. The calcium carbonate supplementa­
tion could raise pH, decrease calcium absorption and increase the incidence 
29 96 31 
of parturient paresis. ' Ender, Dishington and Helgebostad reported 
a high incidence of parturient paresis when prepartum daily dietary calcium 
was 100-200 g and phosphorus was less than 35 g. If dietary phosphorus was 
less than 10 g, parturient paresis still occurred even though 60 to 80 g 
of calcium were being fed. High phosphorus diets decrease intestinal ab-
109 
sorption of calcium and plasma calcium concentrations while reducing 
11 
incidence of parturient paresis. 
The loss of gastro-intestinal activity is a common feature during 
88 89 
parturition. Moodie and Robertson found a reduction in serum calcium 
after injections of hyoscine hydrobromide in 2 dry and 3 lactating cows. 
95 
This injection would induce alimentary stasis. Payne reported that not 
only will alimentary stasis produce hypocalcemia, but EDTA infusion result­
ing in hypocalcemia will lead to alimentary stasis. Payne describes a 
vicious circle between stasis and hypocalcemia. 
High blood estrogen levels during parturition are also involved in 
calcium absorption. Inappetence induced by the high estrogen concentration 
92 leads to a decrease in calcium absorption and hypocalcemia. In mice, 
103 
estrogen opposes parathormone in its function of reabsorbing bone , but 
95 is not believed to be more important than its effect on appetite. 
29 
Ender and Dishington reported 18 cases of parturient paresis in 
31 cows fed a strongly alkaline diet compared to only 1 case in 25 cows 
fed a.highly acid diet. An acid diet would increase the solubility and 
absorption of calcium. The feeding of ammonium chloride could reduce pH 
and increase calcium absorption. Payne^^ fed 100 g of ammonium chloride 
and found reduced incidence of parturient paresis, but also found a pala-
tability problem with this high level. 
22, 59, 94 
Vitamin D is intimately involved with calcium absorption 
and offers potential for preventing parturient paresis. Feeding vitamin 
at levels up to 30 million International Units per day prepartum has 
reduced parturient paresis.For maximum effect this supplemen­
tation must be given at least 3 days prepartum and loses its effect 1 day 
after discontinuation. Timing becomes critical because after 7 days of 
12 
supplementation the danger of metastatic calcification is great. * 
Although problems existed in the early studies involving supplementation 
of diets with vitamin D^, further research has opened new areas. Blunt, 
DeLuca and Schnoes^^ and DeLuca^^ identified an active metabolite of 
vitamin D named 25-hydroxycholecalciferol (25-HCC). With this compound 
oral supplementation is required 18 hours prepartum. Bringe, Jorgensen 
14 
and DeLuca reported a reduction in parturient paresis when 25-HCC was 
given at the level of 1 mg at least 18 hours before parturition and every 
2 days thereafter until parturition occurred. A further metabolite of 
13 25-HCC produced by the kidney has been identified as 1, 25-dihydroxy-
cholecalciferol. This metabolite is believed to be the actual confound 
active in promoting calcium absorption. 
Conclusions; Reduced appetite with the possibility of alimentary 
stasis preceding hypocalcemia can interrupt calcium absorption and induce 
parturient paresis. The optimum calcium to phosphorus level in the diet 
is probably somewhere between 1.25:1 and 2.3:1 although it is not clearly 
established yet. Adequate dietary phosphorus and an acid diet can aid 
in reducing incidence of parturient paresis. The use of very low calcium 
diets or metabolites of vitamin D offer potential in preventing parturient 
paresis. 
Calcium Metabolism in Bone 
Bone in sterile Jersey heifers contains 2,000 to 4,000 g of mobilizable 
calcium. This represents 37 to 60% of the total bone calcium. Of this 
approximately 120 g is very readily mobilizable.^^' The total quantity 
29 
of reserve or mobilizable calcium likely will decline with age , but has 
13 
not been determined in the mature cow. Although the total skeletal reserve 
calcium is sufficient to supply the animal's needs for several weeks, bone 
97 
mobilizing capacity is very low at parturition. 
Levels of hydroxyproline excreted in urine are a valuable index of 
28 bone matrix metabolism and have been measured in the parturient cow. 
g 
Black and Capen found urinary excretion of hydroxyproline increased during 
the interval from 28 to 3 days prepartum in control cows (those •vAiich did 
not develop parturient paresis), but remained constant in cows that did. 
Rowland et al.^*^^ by means of autoradiography techniques found bone turn­
over to be inactive in cows which developed parturient paresis. They con­
cluded that during the last month of gestation, skeletal calcium reserve 
in cows wtiich developed parturient paresis was relatively refractory to 
the stimuli which normally increases matrix catabolism. 
Mayer et al. infused 2 cows (1 day prepartum and 6 days postpartum) 
with EDTA and measured the time required for plasma calcium to return to 
normal. Eleven hours were required in the 1 cow at 1 day prepartum while 
91 
only 2.3 hours were required at 6 days postpartum. Muir, Hibbs and Conrad 
found that recovery time to an EDTA challenge was longer for those cows 
with a previous history of parturient paresis than for cows with no history 
95 
of parturient paresis. Payne states that most lactating cows can withstand 
a sudden calcium drain of 19 g per day without becoming hypocalcemic. In 
late pregnancy, however, the calcium mobilization rate decreases to 14 g 
per day and in some instances down to 7 g per day. 
21 
Collip in 1925 was one of the first to demonstrate the function of 
thé parathyroid glands in the regulation of blood calcium. Other reports-' 
have confirmed the inverse relationship between blood levels of parathormone 
14 
(PTH) and calcium.1^0, 111 action of PTH is to increase RNA 
synthesis in the mesenchyme family of bone cells and thus, to increase 
their rate of maturation into osteoclasts.^' By some mechanism 
as yet not completely understood, the overall activity of the osteoclasts 
is increased. The result is an increase in resorption of all components 
of bone. Bingham, Brazell and Owen^ reported that the increase in number 
of osteoclasts started 17 hours after administration of PTH. Peak concen­
trations of plasma calcium are reached 24-40 hours after an injection of 
parathyroid extract.Approximately 5 to 7 days are required for bone 
resorption to increase significantly after PTH stimulus. 
27 
Dryerre and Greig first proposed a parathyroid insufficiency theory 
in 1925. This theory, proposed without experimental data, stated that a 
guanidine intoxication resulting from the parathyroid insufficiency caused 
parturient paresis. Later that same year their theory was revised, stating 
simply that parathyroid insufficiency resulted in hypocalcemia. Boda and 
12 Cole presented indirect evidence supporting the theory. Diets low in 
calcium and high in phosphorus induce parathyroid hypertrophy in experi­
mental animals.Boda and Cole believed that prevention of parturient 
paresis with their low-calcium, high-phosphorus diet resulted from a 
similar compensatory hypertrophy of the parathyroid glands. 
The importance of PTH and parathyroid insufficiency has been question-
62 
ed. Surgical removal of the parathyroids in the bovine has not resulted 
83 118 in parturient paresis. ' Consumption of herbage high in calcium could 
explain how the bovine adjusts to this parathyroidectomy. Parathyroid 
extract administration to 2 Jersey cows and 1 Guernsey with, and later with­
out, intact parathyroid glands has resulted in a hypercalcemic response 
15 
conçarable to that of the dog provided the dose was expressed as a function 
84 
of body weight in kg raised to the three-fourths power. Thus, PTH can 
play a role in calcium homeostasis in the bovine. Injections of 3,000 to 
5,000 USP units of parathyroid extracts, however, have failed to raise 
plasma calcium in cows with parturient paresis or in normal parturient 
53, 60 
cows. 
On the basis of histological examination of parathyroid glands from 
normal and parturient-paretic cows parathyroid insufficiency would appear 
17 25 
not to be the cause of parturient paresis. ' With the development of 
a radioimmunoassay for plasma PTH concentrations in the bovine^ additional 
evidence was found concerning the insufficiency theory. Mayer jet al. 
found plasma PTH concentrations were elevated in paretic cows and the cow 
did not suffer from insufficiency. 
Hypophosphatemia associated with parturient paresis is probably caused 
by the high PTH.^* Mayer, Marshak and Kronfeld®^ injected parathy­
roid extracts in cows and found a 20-fc increase in urinary phosphorus 
loss. A similar injection in cows with the parathyroid glands surgically 
removed caused a 900-fold increase in urinary phosphorus. Although para­
thormone is not capable of correcting the hypocalcemia, it obviously is 
active in inducing increased urinary phosphorus excretion. 
Existence of a hypocalcemic agent, calcitonin (CT) has been studied 
for possible association with parturient paresis. Intravenous infusion of 
CT into a lactating cow with a previous history of parturient paresis causes 
18 . 94 
paretic symptoms to develop. CT's action is to inhibit bone resorption ' 
104, 123 to protect the organism against hypercalcemia,^' In 
its effect on bone, CT exceeds that of PTH. 
16 
CT content of thyroid gland extracts from normal post-parturient 
cows was found to be 3.9 times greater than that of extracts from paretic 
cows.^^ This indicates a greater release of CT in cows with parturient 
19 
paresis, a finding supported by Care et The exact stimulus for CT 
secretion during hypocalcemia is not yet known. Klein and Talmage^^ have 
reported eliciting CT secretion by a hypercalcium challenge involving 
peritoneal infusion of calcium at the rate of 2 mg per hour for a 4 hour 
period. Plasma calcium levels were never elevated above normal during the 
infusion. The CT elicited resulted in a 15% decrease in calcium mobiliza-
68 
tion from bone. Krook £t al. proposed a possible explanation for the 
physiological role for CT in causing parturient paresis. During the dry 
period, high herbage consumption coupled with low calcium requirements 
results in deposition of calcium in the bone; this process is aided by 
CT. At the onset of lactation a transient increase in CT secretion occurs 
as the cow attempts to mobilize skeletal calcium. This would result in^. 
an inability of PTH to mobilize bone calcium. This concept is supported 
67 o ] 
by Kronfeld and Mayer . 
Challenging Calcium Homeostasis 
Two methods of challenging the homeostatic mechanisms have been 
12 11 
studied. Boda and Cole and Boda have fed a low-calcium, high-phosphor­
us diet approximately 1 month prepartum. Feeding low-calcium, high-phos­
p h o r u s  r a t i o n s  i n c r e a s e s  a v a i l a b i l i t y  o f  s k e l e t a l  c a l c i u m . L u i c k ,  
Boda and Kleiber^^ found a Ca;P ratio less than 1:1 increases the size of 
the mobilizable calcium pool in bone. 
17 
Calcium deficient diets increased calcium absorption in the intestine 
of rats.^^^' If such a response also occurred in cattle, limiting 
dietary calcium to deficient levels would increase dietary absorption and 
bone mobilization. The net result could prevent parturient paresis. 
Another method of challenging calcium homeostasis is prepartum milk­
ing. Separating initiation of lactation from actual parturition could 
112 
reduce incidence of parturient paresis. Smith and Blosser reported 
that prepartum milking did not affect the incidence. However, many of 
those cows with parturient paresis produced little milk prepartum. Addi­
tional experiments with cows producing at higher levels have been conducted. 
Smith and Keyes^^'^ and Kendall ^  al. reported that high-producing cows 
which were prepartum milked failed to become paretic. 
Conclusions: A challenge of calcium homeostasis of less sudden dimen­
sions than the initiation of lactation coinciding with parturition offers 
potential in prevention of parturient paresis. During the dry period bone 
mobilization becomes inactive if calcium intake is high. Peak calcium 
concentration after stimulation by PTH is reached only after a lag period 
of several hours. An interruption of dietary calcium absorption possibly 
due to high estrogen levels coupled with this time lag offers an explanation 
for the development of hypocalcemia and parturient paresis. 
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EXPERIMENT 1. PRELIMINARY DATA 
Introduction 
The importance of an uninterrupted absorption of calciim from the 
gastrointestinal tract during the critical period of initiation of lacta-
102 
tion and development of parturient paresis has been demonstrated. The 
phenomenon of intestinal stasis with an accompanying impairment of calcium 
89 
absorption could initiate hypocalcemia and precipitate parturient 
95 
paresis. Payne reported injections of hyoscine hydrobromide induced 
intestinal stasis and led to hypocalcemia, a finding supported by Moodze 
89 
and Robertson. However, Payne also reported hypocalcemia induced by 
EDTA infusion can result in intestinal stasis. 
An effect of short-term fasting on blood calcium has been reported. 
Plasma calcium declined, but so did plasma magnesium,.the latter to 
approximately 257. of control values.The results of the fast resembled 
plasma mineral changes which occur in animals affected with grass tetany 
rather than parturient paresis. 
This experiment was conducted to determine the effect of dietary 
calcium restriction for a short period prepartum vdiile attempting to main­
tain energy and protein balance on development of parturient paresis. If 
absorption of calcium from dietary sources is absolutely necessary, a diet 
deficient in calcium should induce parturient paresis. 
Experimental Procedures 
Animals. Eight mature Holsteia cows with no previous history of 
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parturient paresis were selected as the experimental animals. The special 
diet was to be fed at least 1 day before parturition to allow some time for 
previously ingested food to pass through the gastrointestinal tract, but 
not for much longer if possible. 
Housing. The cows were housed in separate pens in a maternity bam 
and bedded with wood shavings. Each cow was fitted with an external 
108 jugular catheter. The cannulation procedure is described by Schroeder. 
Diet. Two common feeds in the Midwest, ground shelled com and com 
silage, both low in calcium, were selected as the basic ingredients. These 
were supplemented with mono sodium phosphate and urea. All of the protein 
requirement for maintenance and reproduction and 90% of the energy require­
ment of a 600 kg mature cow were met by 5.5 kg of concentrate and 8 kg of 
75 
silage fed in 2 equal portions daily. Analysis of the feed by atomic 
absorption spectrophotometry and Fiske-Subbarow colorimetric test^^ showed 
a total of 10.8 g of calcium and 31.8 g of phosphorus in this ration. 
Blood sampling. Blood samples were taken twice daily except for the 
period from approximately 12 hours prepartum until 18 hours postpartum, 
when samples were collected at 1% hour intervals. Sampling was discontinued 
3 days postpartum. Forty ml of blood were collected at each sampling and 
transferred into a 50 ml Nalgene plastic tube containing 100 units of 
heparin. The tubes were centrifuged in a Sorvall Model SSI at 3020 x g 
for 15 minutes. Plasma from each sample was then placed in a o-dram, snap-
cap plastic vial and frozen until analyzed. 
Calcitmi balance. Calcium excretion via colostrum and feces was mea­
sured. Colostrum weights were taken from each cow at 12 and 24 hours post­
partum. Calves were removed at birth to prevent nursing and to permit 
20 
accurate measurement of colostrum production. Analysis of calciimi content 
in colostrum from 3 cows was made by the method of Pybus, Feldman and 
99 
Bowers. Fecal grab sançles from 2 cows were taken for a 3-day period. 
Chromic oxide added with the ration was used as a marker. Analysis of 
marker content of the fecal sangles was by the method of Kimura and 
Miller. Calcium content of feces was measured by the method of Johnson 
and Ulrich. 
Plasma samples. Plasma was analyzed for total calcium and magnesium 
99 by atomic absorption spectrophotometry. A modification of the method of 
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Fiske and Subbarow was used to determine inorganic phosphorus in the 
plasma samples. Five ml of 10% TCA solution were added to 1 ml of plasma. 
The reducing agent was a 17. solution of p-methylaminophenol sulfate (Elon). 
Absorption was determined with a K1ett-Summerson photoelectric colorimeter 
set at an O.D. of 600 nanometers. A solution of Na^HPO^ was used as the 
standard. 
Results and Discussion 
Time on the special diet varied from 1 to 17 days. The latter figure 
was purposely extended from the original goal of close to parturition. 
Figure 2 presents a plot of mean plasma total calcium, magnesium and 
inorganic phosphorus. The initiation of lactation and parturition was 
associated with hypocalcemia, hypophosphatemia and hypermagnesemia. Plasma 
total calcium concentration reached a mean low 5 hours postpartum with a 
mean minimum of 7.6 mg per 100 ml. The plasma concentration of calcium 
never dropped below 8 mg per 100 ml in 3 cows; those of all other cows 
except 1 remained above 7 mg per 100 ml. These calcium concentrations are 
Figure 2, Plasma mineral changes. 
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within expected values reported for the non-paretic, parturient cow. ' ' 
108 
Mean inorganic phosphorus reached a low 3 hours postpartum with mag­
nesium concentration slightly elevated at parturition. 
Colostrum production per cow within 24 hours postpartum averaged 15.6 
kg with a range of 8.1 to 24.5 kg. Colostrum sançles were collected fol­
lowing complete milking at 12 and 24 hours postpartum. Mean calcium con­
tent of the colostrum collected from 3 cows was 0.245% and 0.169% in each 
of the respective samples representing an average calcium loss from the 
body via colostrum of 32.3 g. Calcium excretion via feces was measured in 
2 cows and was 7 and 14 g per day in each respective cow. At best, apparent 
dietary absorption of calcium of 3.8 g per day would be well short of the 
calcium lost just through milking. 
None of he 8 cows developed parturient paresis despite a deficiency 
in dietary calcium. The cows were HoIsteins and had no previous history 
of parturient paresis, but their age (mean - 4 years, 8 months) and level 
of production (mean - 15.6 kg on day 1) would indicate they might be sus­
ceptible to parturient paresis. 
A definitive picture of homeostatic adaptation to dietary calcium 
restriction was obtained on data from 3 cows \diich consumed the diet at 
least 7 days prepartum (Figure 3). Feeding of the calcium-deficient diet 
was started at time zero. A fall in plasma calcium acconçanied by a fall 
in inorganic phosphorus and a rise in magnesium occurred approximately 24 
hours after feeding of the calcium deficient diet was initiated, A return 
to levels preceding feeding of the calcium deficient diet occurred after 
approximately 72 hours. These changes mirrored changes accompanying devel­
opment of parturient paresis, but were of less severity. The cow's calcium 
Figure 3. Homeostatic adaptation to a calcium-deficient diet. 
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requirement during the prepartum period is much less than that after ini­
tiation of lactation. If approximately 72 hours is required to adjust to 
89 
an absence of dietary calcium, a phenomena such as intestinal stasis or 
92 
estrogen-induced inappetence could be the cause of parturient paresis. 
Summary 
Feeding a calcium-deficient diet prepartum to the dairy cow does not 
result in parturient paresis, but rather it reduces the severe hypocalcemia 
sometimes associated with parturition and the initiation of lactation. An 
adaptation in calcium homeostasis occurs in response to a calcium restricted 
diet, but there is a time lag for this adaptation. Whether this adapta­
tion would be sufficient to maintain blood calcium above critical levels 
at parturition in cows expected to develop parturient paresis is a subject 
for further research. 
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EXPERIMENT 2. EFFICACY DATA 
Introduction 
Parturient paresis is a conçlex, hypocalcemic^^ disorder of the dairy 
86 
cow for •vdiich effective treatments, but not preventive measures, have 
been developed. Boda and Cole^^ in 1954 reported prevention of par­
turient paresis in 16 cows -vdxen they were fed a calcium-deficient diet (6.1 
g of calcium daily) approximately 1 month prepartum. This diet consisted 
of 5 pounds each of oat hay and barley supplemented with 29.5 g monosodium 
phosphate. No direct evidence was obtained on how this prevention was 
accomplished. They reasoned, in support of the parathyroid insufficiency 
27 
theory, that the calcium-deficient diet resulted in parathyroid hyper­
trophy with increased secretion of parathormone.The parathyroid 
insufficiency theoiry has since been disproved. 
Formulating a calcium-deficient diet which meets the cow's energy and 
protein requirements is difficult.Potential palatability problems also 
88 
exist. Our basic objectives in the present experiment were: formulate a 
sinçle, palatable, calcium-deficient diet, test its effectiveness in pre­
venting parturient paresis and study the concomitant changes in certain 
blood components. 
Experimental Procedures 
^Ti-TTTiais. Twenty Jerseys and 2 Ayrshires (second lactation and 
beyond) from the Iowa State University dairy herd were assigned to 1 of 2 
groups. Criteria for assignment were breed, age, previous history of 
28 
parturient paresis and potential for milk production. The 2 groups 
were designated as control and experimental. 
Diet. All control cows were fed a complete feed containing 0.59% 
calcium and 0.40% phosphorus. This diet was fed throughout lactation and 
the dry period. Based on average consumption during the dry period, 
calcium and phosphorus intake was 48 g and 33 g respectively. Experimental 
cows were fed the same complete feed except for a period from approximately 
2 weeks prepartum to calving. Table 1 presents the composition of the 
ration for the experimental cows during this 2 week period. 
Table 1. Composition of calcium-deficient ration. 
Amount 
Ingredient (kg dry matter) 
Com silage 2. 54 
Ground shelled com 2. 83 
Beet molasses 0. 308 
Urea 0. 025 
Monosodium phosphate 0. 022 
This calcium-deficient diet met NRC's recommendations for maintenance and 
74 
reproduction in a 450 kg cow for energy, protein and phosphorus. Chemical 
analysis^^ for calcium content showed an average daily intake of 8.03 g 
of calcium. 
Management and housing. All cows were housed and managed similarly 
•srfiile lactating. During the dry period all cows were placed in unpaved 
lots and received the complete feed in fence-line bunks. Control cows were 
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placed in individual box stalls approximately 3 days prepartum. Experiment­
al cows were placed in individual box stalls approximately 2 weeks prepartum 
and fed the calcium-deficient diet. Exercise facilities were provided to 
each experimental cow during the 2-week period. After calving the experi­
mental cows were switched back to the complete feed. 
Blood sampling. Blood samples were collected daily from each cov 
from approximately 3 weeks prepartum to 1 week postpartum except for a 
period of approximately 15 hours pre- to 15 hours postpartum when blood 
sançles were collected at 3-hour intervals. Before any treatment for par­
turient paresis, a blood sample was collected. 
Parturient paresis treatment. A sterile» 237. calcium borogluconate 
solution containing no phosphorus or magnesium was used to treat animals 
with parturient paresis. Treatment was initiated \dien the cow was recumbent. 
Analytical procedures. Plasma from each blood sample was analyzed for 
99 
total calcium and magnesium by atomic absorption spectrophotometry, in-
36 
organic phosphorus by the Fiske and Subbarow colorimetric test and para­
thormone by radioimmunoassay.^ 
Results 
A total of 25 parturitions were studied in a 15-month period. Table 
2 presents means of each group for the criteria used in cow assignments. 
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Table 2. Assignment of cows in efficacy experiment. 
Group 
Ntmiber 
and breed 
Average 
age^ 
(months) 
Previous history 
of parturient 
paresis 
Milk 
production 
potential^ 
Control 12 Jerseys 
1 Ayrshire 
49.4 4 cows 11,900 
Exptl. 11 Jerseys 
1 Ayrshire 
50.6 4 cows 12,400 
^The range in age was 3 to 8 years. 
^Kg expressed on a 305d, 2X, M.E., F.C.M. basis. 
For the experimental cows, time fed the calcium-deficient diet averaged 
14 days prepartim with a range of 7 to 17 days. Within a 4-day period after 
each cow was fed the calcium-deficient diet, changes in plasma calcium, mag­
nesium, inorganic phosphorus and parathormone concentrations were observed. 
Calcium concentration slowly fell, reaching a mean minimum approximate­
ly 35 hours after initiation of the calcium-deficient diet. Calcium concen­
tration then slowly rose until approximately 51 hours after the minimum had 
been reached. A cubic curvilinear line was significant^ in describing these 
changes in calcium concentration. 
A significant, cubic increase in parathormone concentration occurred 
during this same 4-day period as did a significant, linear decrease in 
plasma inorganic phosphorus. The developing hypocalcemia would stimulate 
the secretion of parathormone^^^' which in turn would increase urinary 
phosphorus loss"^* and lower plasma phosphorus concentration.^^' 
Plasma magnesium concentration was not significantly altered during this 
^All significance tests were made at probability less than 0.1. 
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4-day period, but a slight rise was observed. 
Plasma minerals and hormone values of experimental-group cows between 
the time after the 4-day adaptation period and 48 hours prepartum were com­
pared to all values obtained at least 48 hours prepartum in control-group 
cows. The mean plasma calcium concentration of the controls during this 
period was 9,5 mg per 100 ml and was 9.0 mg per 100 ml in the experimental-
group. This difference of 0.5 mg per 100 ml was significant. Plasma inor­
ganic phosphorus and magnesium were not significantly different. Plasma 
parathormone concentration was higher, but not significantly in the experi­
mental cows. The variance for parathormone concentration was quite large 
for control cows. 
Five cows from the control-group, all with plasma calcium concentra­
tions below 5 mg per 100 ml, required treatment for parturient paresis. 
None of the 12 cows in the experimental-group needed treatment. Table 3 
presents the minimum plasma calcium values obtained for the experimental 
and control grouped cows. 
Table 3. Minimum plasma calcium concentration. 
Group Plasma calcium concentration^ 
Less 
than 5 5,0-6.0 
0 
6.1-7.0 
2 
7.1-8.0 
4 
Greater 
than 8 
Control 2 
Exptl. 0 1 1 6 4 
^Plasma calcium concentration is expressed as mg per 100 ml. 
^The number of cows with this minimum value. 
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Discussion 
To answer the question of how prevention of parturient paresis was 
accomplished, one must have an appreciation of the calcium homeostatic 
mechanisms in operation before and after the calcium-deficient diet was 
fed. 
Dietary calcium and skeletal calcium represent the 2 main sources by 
•which calcium can enter the plasma calcium pool. Both sources are necessary 
if the cow is to meet her calcium requirements during heavy lactation. 
102 
During the dry period however, calcium requirements are relatively 
approaches 
8, 67, 81, 106 
low and are usually met by dietary intake. As the animal 
parturition, calcium mobilization from the bone is minimal. 
If the animal is consuming a high-calcium diet, a situation -sdiich is known 
30 31 78 
to increase incidence of parturient paresis, ' * calcitonin secretion 
is elevated^^ and further inhibits bone calcium mobilization.'^^' 
When parturition and initiation of lactation occur, calcium require­
m e n t s  a r e  d r a m a t i c a l l y  i n c r e a s e d  a n d  h y p o c a l c e m i a  d e v e l o p s . T o  
prevent a crisis, the animal must be able to adjust her calcium inflows 
before plasma calcium concentration drops below 5 mg per 100 ml. Problems 
92 89 95 
with estrogen-induced inappetence, intestinal hypomotility * and/or 
s imply  the reduction in the active absorption mechanisms due to lack of 
stimulation^^' can interfere with an increased dietary 
absorption at this critical time. 
Feeding a calcium-deficient diet prepartum causes an initial lowering 
of plasma calcium concentration which the animal corrects. The significant 
increase in parathormone secretion increases mobilization of skeletal 
33 
calcium to replace that calcium previously obtained from the diet. The 
cubic curvilinear response of the parathormone secretion is probably a 
result of increased effectiveness of parathormone on the osteoclast popu­
lation of the bone. Previous reports have shown that there is a time lag 
between parathormone administration and increased mobilization of bone 
, . 7, 84 
calcium. 
Some degree of hypocalcemia may be associated with subsequent parturi­
tion and the initiation of lactation. But the adjustment or adaptation 
occurring in response to the feeding of the calcium-deficient diet allows 
the animal to again respond to this calcium stress independently of possible 
dietary absorption malfunctions by rapidly increasing bone mobilization. 
Because of this previous adaptation, the time lag between parathormone 
stimulation and increased bone resorption^^' has been shortened 
and the cow is able to avoid the severe calcium drop below 5 mg per 100 ml 
of plasma. 
Summary 
The efficacy of a prepartum calcim-deficient diet in preventing par­
turient paresis was studied. The diet composed of com silage, ground 
shelled com, molasses, urea and monosodium phosphate met energy, protein 
and phosphorus requirements, but supplied only about 8 g of calcium daily 
per 450 kg body weight. Palatability of this calcium-deficient diet was 
not a problem. Within a 4-day period after initiation of this diet, an 
adaptation in calcium homeostasis occurred, apparently resulting in in­
creased mobilization of calcium from bone. This adaptation was sufficient 
to prevent parturient paresis among the 12 cows fed the diet approximately 
34 
14 days prepartiim -vdiereas 5 of the 13 cows fed a control-diet developed 
parturient paresis. 
35 
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Appendix A 
Table A. 1. Stages of development of parturient paresis. 
I, Normal 
II. Early clinical signs 
A Temperature normal or slightly elevated (38.6-39.2^0) 
Animais off feed, no visible signs of rumen activity 
C. Feces scanty, often and dry and firm 
D. Hind legs may appear stiff 
E. May be nervous or occasionally belligerent 
III. Depression 
A. Temperature 38.3C or lower; ears and teats cool 
B. Muzzle dry 
C. Difficulty in rising 
D. Unsteady gait, pressure placed on side of hip may almost cause 
animal to fall 
E. No defecation 
F. Muscle tremors over shoulders and muscles of hind limbs 
G. May be grating of teeth 
H. Pulse rapid (75 or more beats per minute) and weak 
I. Rumen activity minimal or absent 
J. Relaxation of anal and vulvar musculature 
IV. Recumbency 
Ao Animal down, unable to rise 
B. Head usually held to side or extended in a characteristic S-
shaped curve 
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Table A. 1. cont. 
C. Rumen may be distended with gas 
D. Pulse rate increased further, may be almost inaudible 
E. Respiratory rate normal, may be a decided expiratory grunt 
F. Eyes may appear dull, pupils dilated 
V. Coma and death 
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Appendix B 
Table B. 1. Raw data on control-group cows. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg Pi 
— mg/lOOml — 
PTH": 
J5792 
A6187 
-744 10.6 2.1 7.8 -
-576 10.1 2.8 5.9 2.0 
-456 10.5 2.6 6.1 1.03 
-336 10.3 2.9 6.0 1.13 
- 62 10.6 2.4 6.0 1.27 
- 29 8.9 3.2 5.7 1.75 
- 13 9.0 2.9 2.6 1.15 
- 3 X 4.1 3.3 1.9 1.49 
+ 1 9.0 2.7 3.1 1.25 
+ 4 7.6 2.8 3.0 5.05 
+ 7 6.0 3.1 3.0 3.2 
+ 11 5.2 3.2 . 2.6 5.7 
+ 16 4.0 3.0 2.4 1.53 
+ 28 4.8 3.0 3.5 5.05 
+ 44 5.5 3.0 3.6 1.77 
+ 52 6.2 3.2 3.5 2.2 
+ 72 7.8 3.3 3.8 -
+408 10.2 3.0 4.9 1.32 
-618 10.2 2.5 6.7 1.27 
-109 9.6 2.3 4.8 1.57 
ally expressed as ng per ml. 
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Table B. 1. cont. Raw data on control-group cows. 
Treated for 
Time Parturient Ca Mg P^ PTH 
Cow (hours) Paresis mg/lOOml 
-102 9.7 2.4 4.8 1.64 
- 99 9.9 2.6 4.4 1.56 
- 94 9.4 2.4 4.8 -
- 90 9.5 2.4 3.9 1.45 
- 87 9.9 2.5 3.4 1.45 
— 84 9.2 2.5 3.6 1.84 
— 80 9.4 2.5 3.8 1.60 
- 76 10.1 2.6 3.9 1.44 
- 70 9.7 2.4 3.8 1.35 
- 65 10.0 2.5 3.8 1.59 
- 64 10.0 2.4 4.7 1.44 
- 58 9.1 2.3 4.8 1.85 
- 49 9.7 2.3 4.5 1.65 
- 46 9.8 2.4 4,6 1.48 
- 40 9.5 2.2 4.3 1.86 
- 33 9.8 2.3 4.6 1.65 
- 29 10.3 2.5 5.5 1.40 
- 18 9.2 2.3 6.1 1.44 
- 13 9.1 2.3 6.0 1.22 
- 5 9.3 2.3 5.4 1.39 
+ 3 9.0 2.1 4.6 1.57 
+ 6 9.8 2.2 4.5 1.52 
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Table B. 1. cont. 
Treated for 
Time Parturient Ca Mg Pi PTH 
Cow (hours) Paresis mg/lOOmI 
+ 9 9.7 2.2 4.4 1.65 
+ 12 9.3 2.5 4.2 2.22 
+ 15 8.8 2.5 4.7 1.75 
+ 28 9.1 2.5 4.6 1.94 
+ 41 9.3 2.4 4.6 1.71 
+ 57 8.4 2.2 5.3 2.46 
+192 8.9 2.4 5.4 1.80 
+360 9.3 2.0 4.7 1.80 
-504 9.2 2.6 7.1 1.15 
-336 9.4 2.3 7.0 .83 
-140 8.9 2.3 7.6 1.45 
- 89 9.7 2.4 5.7 .3 
— 64 10.0 2.7 5.2 .95 
- 40 9.1 2.9 4.9 .9 
- 20 9.1 2.9 4.3 .9 
- 8 8.4 3.0 4.4 .95 
0 7.5 2.7 2.8 1.3 
+ 3 7.5 2.9 2.2 1.75 
+ 6 7.2 2.9 3.2 2.25 
+ 9 7.9 2.9 4.3 1.5 
+ 12 8.4 3.0 4.9 1.55 
+ 15 8.8 3.0 5.6 1.2 
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Table B. 1. coat. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg P. PTH 
+ IS 8.0 2.8 5.4 1.05 
+ 33 - - - -
+ 42 8.7 2.2 5.0 -
+ 53 9.1 2.0 5.8 1.43 
+ 66 9.3 2.3 5.6 .82 
+ 80 9.4 2.4 5.0 .86 
+101 9.8 2.4 5.3 .95 
+125 7.2 2.5 4.8 3.6 
J5657 -172 10.0 2.8 7.2 1.0 
-147 11.5 2.2 5.9 .7 
-123 9.8 2.2 6.1 1.3 
- 95 9.7 2.6 5.2 .95 
- 72 10.2 2.9 4.3 1.2 
- .47 10.8 2.4 4.3 .6 
- 23 10.8 2.2 5.0 .85 
- 14 9.9 2.7 4.6 1.4 
- 3 6.3 3.2 2.1 4.4 
0 5.2 3.3 1.5 6.0 
+ 3 4.8 3.6 1.8 6.0 
+ 6 X 4.4 3.2 1.3 1.68 
+ 9 12.5 2.6 2.3 .95 
+ 11 10.1 2.3 2.8 .63 
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Table B. 1. cont. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg Pi 
— mg/lOOml — 
PTH 
J6219 
+ 17 7.3 2.6 3.2 .5 
+ 26 5.3 3.2 2.5 1.85 
+ 35 5.3 3.4 3.1 1.4 
+ 50 7.9 2.4 4.8 00
 
+ 59 9.0 1.9 5.5 1.58 
+ 70 9.2 2.1 4.7 .78 
+ 76 9.6 1.8 4.9 .57 
+ 83 13.6 1.6 4.5 .54 
+109 11.3 2.2 4.3 -
+142 9.9 2.1 4.1 1.24 
+167 9.9 2.2 4.2 1.2 
- 87 9.6 1.8 5.5 1.30 
- 68 9.7 2.0 5.2 1.08 
- 38 9.7 1.8 6.0 0.77 
- 14 9.3 1.9 5.7 0.70 
0 9.2 2.0 4.6 1.76 
+ 6 8.1 2.3 4.6 1.30 
+ 10 8.9 2.4 4.1 1.05 
+ 14 9.3 2.5 3.9 1.00 
+ 19 8.9 2.4 4.0 0.75 
+ 25 9.3 2.4 3.9 1.15 
+ 55 7.4 2.2 4.9 3.20 
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Table B. 1. cont. 
Time 
Cow (hours) 
Treated for 
Parturient 
Paresis 
Ca Mg Pi PTH 
+ 62 7.5 2.5 4.7 1.74 
+ 76 8.3 2.4 4.8 1.45 
J6170 -216 10.1 2.1 6.5 0.67 
-144 9.5 2.1 6.5 0.93 
-120 9.4 2.0 6.9 0.75 
- 96 9.2 2.1 5.6 0.67 
- 64 - - 5.6 1.10 
- 57 - - - 1.17 
- 53 8.6 2.5 4.9 1.62 
- 29 8.7 3.1 4.7 1.47 
- 26 8.7 2.7 5.5 1.25 
- 12 8.6 2.3 5.3 1.45 
- 6 8.7 2.2 5.0 1.15 
- 3 8.9 2.3 5.2 1.23 
0 7.7 2.2 4.4 1.35 
+ 4 7.4 2.5 4.7 1.54 
+ 8 7.4 2.2 6.2 1.27 
+ 11 7.2 2.4 5.8 1.34 
+ 31 6.6 2.7 5.6 1.73 
+ 55 8.5 2.1 5.7 0.83 
+ 73 8.8 2.5 4.7, 1.27 
J6155 -408 9.0 1.9 6.1 0.57 
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Table B. 1. cont. 
Treated for 
Time Parturient Ca Mg P^ PTH 
Cow (hours) Paresis mg/lOOml 
-168 9.2 2.1 6.5 0.67 
-144 9.4 2.0 6.1 1.49 
-120 9.1 2.3 6.3 1.56 
- 96 9.8 2.0 5.6 0.75 
- 71 9.7 2.2 5.9 0.67 
- 35 9.3 2.5 4.7 0.67 
- 25 8.1 2.6 1.8 1.82 
- 19 6.0 2.8 - 1.84 
- 10 4.6 2.9 1.2 1.87 
- 7 4.0 2.8 1.1 1.60 
6 X 4.0 2.7 1.1 1.83 
- 1 7.5 2.2 1.6 1.56 
+ 2 6.1 2.2 1.2 1.67 
+ 5 X 5.0 2.1 1.0 1.73 
+ 8 18.0 2.1 1.1 1.63 
+ 11 5.1 2.1 .8 1.74 
+ 17 X 3.7 2.0 .8 1.62 
+ 35 6.0 2.8 3.7 1.72 
+ 48 10.4 2.1 5.5 0.52 
-432 8.8 1.8 5.9 .47 
-216 8.9 1.6 5.3 .64 
-202 8.8 1.8 3.6 1.18 
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Table B, 1. cont. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg P 
-- mg/lOOml --
PTH 
J6377 
-192 8.3 2.0 4.5 1.4 
-168 8.9 2.1 4.8 .85 
-144 9.2 2.2 4.7 .92 
-120 8.4 2.3 5.9 1.07 
-108 8.6 2.2 6.0 1.04 
- 92 8.5 2.6 5.7 .94 
- 85 9.1 2.7 5.1 .80 
- 58 8.4 2.8 5.7 1.24 
- 24 7.2 2.9 4.1 .98 
- 2 7.1 3.2 2.9 1.11 
0 7.0 2.9 2.7 1.25 
+ 3 6.9 2.9 3.3 .96 
+ 7 7.1 2.8 3.9 .85 
+ 10 7.4 2.9 4.5 .70 
+ 20 7.5 3.0 4.3 .92 
+ 66 7.9 2.6 5.5 .62 
-168 9.2 1.8 6.2 .44 
- 96 9.3 2.1 6.2 -
- 48 9.2 2.1 5.1 .16 
+ 11 9.6 2.4, 4.6 .80 
+ 14 8.6 2.3 3.8 1.15 
+ 18 8.7 2.1 3.9 .99 
+144 10.0 2.2 6.0 .67 
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Table B. 1. cont. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg P PTH 
J6102 -480 9.2 2.1 5.4 1,44 
-216 9.2 2.1 5.9 1.37 
-192 9.2 2.5 6.2 1.51 
-168 9.5 1.9 6.2 1.10 
-144 9.3 1.9 6.0 0.98 
-120 9.2 2.4 6.3 0.88 
- 96 9.4 2.2 5.6 0.98 
- 73 9.1 2.3 4.6 1.05 
- 50 9.0 2.3 4.8 0.94 
- 32 8.9 2.3 4.1 1.46 
- 7 7.3 3.2 3.1 1.58 
- 3 6.5 3.3 2.9 1.65 
0 5.7 3.3 2.7 1.61 
+ 3 4.9 3.4 2.4 1.70 
+ 7 4.9 3.4 2.1 1.50 
+ 10 5.1 3.5 2.9 1.54 
+ 16 5.0 3.5 2.6 1.74 
+ 28 X 
J6245 -168 9.2 2.3 4.2 1.30 
-144 9.0 2.2 4.0 1.08 
-120 10.1 2.6 5.4 0.75 
- 81 9.9 2.4 5.8 0.74 
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Table B. 1, cont. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg P 
— mg/100ml — 
PTH 
J6431 
- 30 9.2 2.1 5.1 1.04 
0 7.5 2.8 2.1 1.17 
+ 4 7.9 3.1 3.5 1.15 
+ 8 8.9 2.9 5.0 0.92 
+ 12 8.7 2.6 5.1 0.67 
+ 20 8.7 2.6 5.4 0.77 
+ 41 9.2 2.2 5.5 0.63 
+192 10.6 2.4 5.4 0.81 
-240 9.1 2.5 5.3 0.84 
-168 9.5 2.2 5.2 1.22 
-144 9.1 2.3 4.6 1.66 
-120 9.5 2.5 5.2 1.40 
- 95 9.3 2.5 4.9 1.22 
- 74 9.1 2.3 5.4 1.43 
- 44 9.5 2.3 4.9 1.92 
- 40 9.4 2.2 5.6 1.18 
- 23 9.0 2.4 5.7 1.00 
- 13 8.9 2.5 5.6 1.17 
+ 2 7.4 2.6 5.2 1.58 
+ 7 8.2 • 2.4 6.1 1.20 
+ 11 8.3 2.5 6.3 1.30 
+ 15 8.2 2.8 5.4 1.50 
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Table B. 1. coat. 
Cow 
Time 
(hours) 
Treated for 
Parturient 
Paresis 
Ca Mg P, PTH 
+ 27 7.8 2.7 5.1 1.45 
+ 50 7.8 2.7 5.2 0.68 
+192 9.2 2.6 5.7 1.24 
J6100 -312 9.9 2.1 4.6 0.69 
-192 9.1 2.1 4.7 0.46 
-168 8.9 1.9 4.8 0.50 
-144 9.7 2.1 4.4 0.84 
- 95 9.5 2.2 5.5 0.45 
- 72 10.1 2.3 5.6 0.48 
- 64 9.9 2.4 5.8 0.55 
- 38 9.9 2.2 4.5 0.39 
- 18 9.8 2.3 5.5 0.40 
+ 3 X 4.6 3.3 1.2 0.71 
+ 8 7.7 2.8 2.3 0.54 
+ 12 5.8 2.8 .7 0.68 
+ 18 3.9 2.8 .7 0.73 
+ 96 9.9 2.5 .8 0.53 
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Table B. 2. Raw data on experimental-group cows. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) mg/lOOml 
-528 -264 9.9 2.5 5.9 1.77 
-268 - 5 8.7 2.3 6.1 2.20 
-235 + 28 8.5 2.4 6.0 2.20 
-225 + 38 8.7 2.6 6.1 2.14 
-218 + 45 7.8 2.8 4.3 3.40 
-209 + 54 8.8 2.6 5.3 3.90 
-187 + 76 8.7 2.7 5.5 3.15 
-162 +101 8.9 2.5 5.1 3.85 
-137 9.0 2.5 5.8 2.34 
-114 9.4 2.5 6.2 1.62 
- 96 9.1 2.4 6.2 1.35 
- 72 9.8 2.6 5.8 -
- 53 9.3 2.5 5.3 1.97 
- 29 9.5 2.5 5.3 1.47 
- 5 8.7 2.8 4.7 1.62 
+ 0 8.7 2.8 5.0 1.62 
+ 4 8.6 2.7 5.2 1.35 
+ 8 8.5 2.7 5.8 1.35 
+ 15 8.6 2.6 5.9 1.56 
+ 24 8.6 2.5 5.3 1.68 
+ 29 8.6 2.4 5.2 1.45 
+ 37 8.8 2.4 5.2 1.26 
+ 74 8.4 2.3 5.5 1.55 
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Table B. 2. cont. 
Time Time on Diet Ca Mg Pi PTH 
Cow (hours) (hours) mg/lOOml 
+122 •8.5 1.7 5.4 1.26 
+336 9.0 2.2 5.5 -
-204 - 2 9.8 1.9 6.1 0.87 
-181 + 21 9.4 2.4 6.5 1.21 
-161 + 41 8.8 2.7 6.3 1.05 
-156 + 46 9.2 2.8 5.8 1.10 
-148 + 54 9.0 2.6 5.5 1.04 
-136 + 66 10.5 2.9 6.5 1.07 
-112 + 91 10.6 2.6 6.6 0.88 
- 85 10.4 2.5 6.3 1.0 
- 59 10.6 2.7 5.7 1.69 
- 29 10.6 2.3 5.7 1.60 
- 5 10.7 2.4 5.1 1.38 
+ 7 9.5 2.1 5.7 1.47 
+ 10 9.4 2.2 5.3 1.65 
+ 13 9.5 2.1 4.7 1.33 
+ 16 10.0 2.3 4.8 1.40 
+ 19 9.3 2.1 4.0 1.70 
+ 29 9.6 2.3 5.5 1.05 
+ 37 9.7 2.3 5.4 1.74 
+ 56 9.5 2.1 5.4 1.90 
+ 64 9.1 1.9 4.8 1.57 
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Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) mg/100ml 
J6293 
J5892 
-360 - 3 9.2 2.8 7.4 1.37 
-336 + 21 9.0 3.0 7.5 1.46 
-312 + 45 7.7 2.5 5.5 1.37 
-300 + 65 8.4 3.3 7.7 1.59 
-291 + 77 8.3 3.4 7.0 1.31 
-264 +101 8.2 2.9 6.7 0.95 
-240 8.7 2.7 5.6 1.40 
-216 9.2 2.3 5.7 1.17 
-192 8.8 2.3 5.9 1.65 
-168 8.7 2.3 6.4 1.40 
-106 8.9 2.3 6.2 1.55 
— 86 8.7 2.4 6.9 1.52^ 
- 57 8.4 2.4 5.5 1.58 
- 32 8.8 2.5 5.9 1.45 
- 7 8.2 2.4 4.9 1.37 
- 1 8.1 2.4 4.1 1.53 
+ 3 8.0 2.5 4.5 1.92 
+ S 8.0 2.4 5.5 1.45 
+ 11 7.9 2.3 4.7 1.92 
+ 18 7.6 2.4 4.9 1.47 
+ 39 7.4 2.5 5.3 1.52 
+ 63 8.4 2.6 5.9 1.62 
-483 9.4 2.6 6.1 0.28 
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Table B, 2. cont. 
Time Time on Diet Ca Mg Pi PTH 
Cow (hours) (hours) mg/lOOml 
-316 0 10.3 2.3 5.4 0.47 
-288 + 26 7.1 2.8 4.1 0.81 
-268 + 47 8.8 2.5 4.9 0.48 
-253 + 62 9.6 2.1 5.2 0.20 
-244 + 71 8.8 1.6 4.6 0.57 
-223 + 90 8.1 1.9 4.8 0.52 
-190 8.3 2.4 5.5 -
-166 9.1 1.8 6.0 -
-141 9.6 2.0 5.3 0.08 
-118 9.5 1.9 5.2 0.40 
00 t 9.0 1.9 6.1 0.73 
- 76 8.8 2.1 5.1 0.34 
- 50 8.9 2.1 5.4 -
- 37 8.5 2.2 5.6 0.10 
- 9 7.3 2.3 6.1 0.68 
0 5.1 3.4 2.7 0.77 
+ 4 5.3 3.4 2.9 2.10 
+ 8 5.2 3.4 3.4 0.85 
+ 13 5.2 3.7 3.4 0.73 
+ 16 5.9 4.0 3.0 0.67 
+ 18 6.4 3.7 2.8 0.27 
+ 44 7.1 3.6 4.8 0.70 
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Table B. 2. cont. 
Time Time on Diet Ca Mg Pj PTH 
Cow (hours) (hours) mg/100ml 
J6198 -399 - 38 9.1 2.3 5.9 .45 
-346 + 5 8.8 2.4 5.0 1.65 
-331 + 20 8.4 2.0 5.4 .62 
-323 + 28 7.6 2.1 3.7 .93 
-308 + 43 8.4 2.0 5.5 .78 
-295 + 56 8.5 2.0 5.5 .77 
-278 + 73 8.4 2.0 4.8 1.75 
-249 +102 7.9 1.8 4.3 1.90 
-233 8.1 2.2 4.2 1.80 
-204 8.2 2.2 4.8 
00 
-184 8.2 2.3 4.3. 1.65 
-160 8.7 2.3 4.2 1.58 
-141 8.9 1.9 5.1 1.18 
-108 8.2 2.2 5.8 1.55 
- 84 8.2 2.8 5.7 .70 
— 68 8.5 2.5 5.8 1.45 
- 61 8.3 2.1 5.9 1.00 
- 56 8.6 2.0 6.5 .80 
- 47 9.0 2.0 5.7 1.70 
- 38 9.2 2.0 4.9 .90 
- 29 9.3 1.8 5.2 1.60 
- 26 9.1 1.7 5.2 1.23 
- 4 7.9 2.2 5.2 1.60 
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Table B. 2. cont. 
Time Time on Diet Ca Mg PTH 
Cow (hours) (hours) ———- mg/100ml 
+ 3 7.2 2.4 3.8 1.85 
+ 6 7.4 2.4 3.5 1.50 
+ 10 7.3 2.3 3.9 1.55 
+ 13 7.3 2.6 4.0 1.60 
+ 17 7.3 2.6 4.0 1.70 
+ 26 7.2 2.7 4.1 .95 
+ 49 7.6 2.4 4.8 
o
 
00 
-456 - 54 9.2 2.2 7.0 ^ 1.0 
-408 0 9.2 2.3 5.9 1.65 
-381 + 27 8.6 2.2 6.4 1.45 
-366 + 42 8.3 2.4 7.3 1.45 
-352 + 56 8.5 2.7 7.1 1.02 
-338 + 70 8.9 2.5 7.4 .97 
-332 + 76 8.7 2.4 6.3 1.1 
-312 8.7 2.2 6.4 1.28 
-288 8.2 2.6 6.3 1.15 
-264 8.8 2.8 6.5 1.11 
-240 8.2 2.8 6.2 1.34 
-216 8.7 2.7 5.7 1.24 
- 96 8.4 2.8 5.9 1.15 
- 75 9.1 2.4 5.3 1.33 
- 56 8.7 2.4 5.4 1.31 
- 23 8.0 2.8 4.1 .75 
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Table B. 2. cont. 
Cow 
Time 
(hours) 
Time on Diet 
(hours) 
Ca Mg P. 
— mg/100ml — 
PTH 
J6343 
0 8.0 2.4 4.4 1.43 
+ 3 8.1 2.4 4.9 1.83 
+ 6 8.1 2.1 5.9 1.66 
+ 8 8.1 2.2 6.6 1.63 
+ 11 7.1 2.1 1.70 
+ 15 7.2 2.1 5.9 1.57 
+ 43 7.7 1.9 6.2 1.35 
-504 - 69 9.2 2.5 5.9 0.67 
-456 - 20 9.7 2.4 5.7 0.77 
-432 - 4 9.8 2.3 6.7 0.67 
-408 + 23 8.8 2.1 6.9 1.50 
-384 + 45 9.7 2.3 6.3 0.66 
-360 + 74 9.3 2.6 6.4 1.14 
-336 + 90 9.2 2.5 6.5 0.95 
-312 9.4 2.6 5.8 0.95 
-288 9.4 2.4 5.8 1.22 
-264 9.5 2.6 5.6 0.90 
-240 9.9 
C 
2.3 6.0 0.79 
-230 9.5 2.4 6.9 1.05 
-216 9.5 2.4 6.5 1.00 
-192 9.5 2.6 6.5 0.75 
-168 9.9 2.7 6.4 0.90 
-158 9.1 2.7 6.5 0.96 
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Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) — mg/100ml 
-120 9.5 3.0 6.8 1.04 
- 96 9.3 2.7 6.3 0.97 
- 72 9.6 2.8 6.5 1.47 
- 54 9.4 2.8 6.2 1.18 
- 24 9.0 2.7 6.4 1.30 
4 8.6 2.6 5.5 1.15 
- 1 7.9 2.5 5.5 1.45 
+ 3 8.0 2.7 5.5 1.30 
+ 8 8.3 2.6 5.6 1.00 
+ 13 8.0 2.4 5.1 1.15 
+ 19 8.1 2.3 5.5 1.23 
+ 72 9.5 2.0 6.3 1.77-
+119 9.2 2.3 6.7 1.87 
-306 + 1 9.1 2.3 6.8 0.57 
-284 + 23 8.5 2.4 6.2 0.57 
-266 + 41 7.6 3.1 5.6 1.17 
-254 + 53 8.3 3.6 5.4 1.13 
-182 +120 9.3 3.0 5.0 0.78 
-114 8.5 2.3 4.9 1.30 
- 62 8.4 2.6 4.3 0.97 
- 40 8.3 2.7 4.6 0.84 
- 15 7.8 2.7 3.5 1.13 
+ 1 7.2 2.7 3.1 1.25 
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Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) — mg/lOOmI 
J6351 
+ 5 7.1 2.7 2.5 1.23 
+ 9 7.0 2.7 2.2 1.23 
+ 13 7.1 2.7 2.1 1.05 
+ 19 6.6 2.7 2.2 1.17 
+ 47 7.8 2.5 4.5 0.64 
+196 9.0 2.2 5.0 1.17 
-360 - 14 8.6 2.2 5.8 .93 
-336 + 15 8.5 2.5 5.6 .84 
-316 + 25 8.5 2.6 6.5 .98 
-305 + 35 8.9 2.9 6.6 .96 
-288 + 59 9.1 2.3 6.0 1.37 
-240 +111 9.1 1.8 6.5 1.24 
-133 9.7 1.9 6.4 
-128 9.5 1.9 6.4 1.47 
-110 8.4 1.8 5.6 1.18 
- 79 8.7 2.6 5.1 1.40 
- 54 9.3 2.8 5.4 1.47 
- 29 9.0 2.7 5.6 .99 
- 18 9.5 2.7 5.3 .95 
0 8.8 2.7 4.5 1.35 
+ 4 8.6 2.7 4.2 1.14 
+ 8 9.5 2.6 5.0 .96 
+ 12 9.1 2.7 4.7 1.03 
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Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) mg/100ml 
J6387 
J6221 
+ 16 9.1 2.3 4.4 1.11 
+ 35 9.6 2.7 4.0 1.25 
+ 45 9.2 2.5 4.1 1.23 
+ 90 9.6 2.8 4.7 .98 
-288 -120 9.1 2.2 5.8 0.54 
-168 - 2 10.0 2.0 6.3 0.57 
-144 + 29 8.4 2.5 5.8 0.97 
-120 + 38 8.4 2.4 5.8 0.88 
- 79 + 79 8.6 2.2 5.9 0.75 
- 49 +109 8.9 2.1 6.0 0.48 
- 23 8.6 2.2 6.2 0.60 
+ 1 7.9 2.7 6.0 0.93 
+ 4 8.2 2.6 6.2 0.85 
+ 8 7.8 2.2 5.8 0.73 
+ 11 7.7 2.1 5.5 0.72 
+ 15 7.7 2.1 5.3 0.76 
+ 24 8.5 2.0 5.7 0.54 
+ 34 8.3 1.9 4.7 0.70 
+ 49 7.9 2.0 4.4 0.77 
+216 8.5 2.2 5.4 0.57 
-600 -264 10.2 1.8 5.3 0.78 
-336 0 9.6 2.5 5.1 0.75 
-312 + 24 9.1 2.7 6.0 1.15 
77 
Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) mg/100ml 
-289 + 47 9.2 2.3 5.6 0.76 
-264 + 72 9.6 2.3 6.0 0.74 
-240 + 96 10.7 2.2 6.2 0.96 
-219 +117 9.8 2.5 5.8 0.80 
-192 9.6 2.7 5.9 0.70 
-168 9.7 2.7 5.8 0.95 
-144 9.6 2.6 - 0.77 
-120 8.8 2.7 4.2 0.95 
- 96 8.6 2.6 5.1 0.87 
- 75 8.8 3.1 6.3 1.04 
- 55 8.9 3.1 5.8 0.79 
- 28 9.6 2.9 4.4 0.90 
- 20 9.2 2.8 4.2 0.65 
- 9 9.4 2.9 3.9 1.11 
0 8.6 3.0 2.2 1.23 
+ 3 8.1 3.0 3.6 1.21 
+ 6 8.4 2.7 3.6 0.76 
+ 9 8.8 2.8 3.6 0.94 
+ 12 9.1 2.7 3.0 0.93 
+ 15 8.9 2.7 2.9 0.94 
+ 18 9.1 2.8 2.7 1.27 
+ 35 9.3 2.8 4.0 0.96 
+192 9.0 2.6 5.9 0.67 
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Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) mg/100ml 
-505 - 72 9.1 2.4 5.6 0.59 
-433 + 4 9.9 2.1 5.2 0.57 
—408 + 28 . 8.9 2.0 5.6 0.64 
-390 + 46 7.7 2.4 5.8 1.17 
-372 + 64 7.8 2.8 5.3 1.80 
-324 +112 8.8 2.9 5.4 0.78 
-296 .1 2.4 5.6 0.81 
-256 8.1 2.5 5.3 0.80 
-224 8.8 2.1 5.6 15.50 
-205 8.8 2.2 . 5.0 0.60 
-185 8.9 2.3 4.6 1.02 
-156 9.1 2.2 4.6 0.54 
-125 8.9 2.5 3.6 0.77 
-102 8.4 2.4 3.9 0.72 
- 83 8.3 2.1 4.1 1.72 
- 52 8.7 2.3 6.0 0.70 
- 38 8.7 2.4 5.9 2.35 
- 17 8.7 2.4 4.0 1.74 
- 1 8.0 2.5 3.7 1.04 
+ 2 7.9 2.7 5.9 1.53 
+ 5 7.3 2.7 4.8 0.97 
+ 9 8.0 2.8 5.4 1.25 
+ 13 8.0 2.5 5.5 0.61 
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Table B. 2. cont. 
Time Time on Diet Ca Mg P. PTH 
Cow (hours) (hours) — ir.g/100ml 
+ 17 8.2 2.2 5.6 0.58 
+ 34 8.2 1.8 5.0 0.54 
+ 68 8.6 1.7 5.3 0.55 
